We proposed the mathematical model and concrete example of how to use the notion of functional derivatives in order to arrive at a macroscopic equation for dispersion in disordered media. In the sake of simplicity, we considered the case of random process being a Gaussian process.
Introduction
The problem of deriving the governing equations of spreading matters in porous media, derived under different propositions was considered in [1] [2] [3] . Thus in [1] , we thoroughly used the fact that centered Gaussian processes are completely determined by the (two points) correlation function. A multipoint correlation appears when a linear fixed-point equation is averaged. That each of these correlations splits into a finite (but increasing with the number of points) number of products of correlation functions was quite important for us. It is possible to use the diagrammatic method with more general processes [3] . Then we have much more terms in the expansions. Even if we replace the coefficients of the fixed-point equation for u by functions of a centered Gaussian process, the method is not of a simple use. It is possible to obtain similar results via a variational method, which we will explain for the example of problem, already considered in [1, 2] . Not surprisingly, we then will retrieve the already obtained macroscopic equation. Then, we will use the variational method for a variant of equation including functions of a centered Gaussian process.
Mathematical Model

Statement of the Method
The idea goes back to so-called variational (functional) derivatives [4] . Let
is named a variational (or functional) derivative. It is obvious that this derivative is also a functional that depends on function     and point t (as a parameter). In this way we can define the second functional derivative of
This is again a functional with respect to     that depends on the couple of parameters   , t t    and so on. In the case when functional
 (this is the most interesting case for us) the functional derivative satisfies chain rule:
And with
Also notice that the functional derivative of functional
For following purposes we take the functional
Then we will obtain, according to above formulas:
where functional shift operator
understood in the sense of expansion over infinite integration limits.
Application of Variational Method
In [1] [2] [3] we used the special summation procedure of diagrams of a certain type and received the diffusion equation with fractional derivatives. In this section, we will exploit another method for to receive the self-contained systems of governing equations for diffusion problems that we have used also in [5] . We again consider the spreading of matter in a porous medium such (1) rules the particles transfer on the small scale and we repeat this equation here once more:
Averaging with respect to realizations   
, and so on,
are functional derivatives of increasing order k or of functional , with respect to
. A similar expression can also be derived for func-
By substituting all above into (1), we derive:
We see here that together with averaged concentration u we have also averaged values of functional derivatives for of different orders:
By taking the functional derivative of (1) with respect to  at point 1 x , we obtain f  , and the concentration u in its right hand-side. And we are led to set the natural question "When can we break this chain of equations?". It turns out that under quite reasonable assumptions, this problem can be solved.
Here we consider random media, where cumulant functions entering Equation (4) is a centered Gaussian process, all the cumulant are equal to zero, except 2  which also is to the two-point correlation function of process  . That is why in (4) and as well as in subsequent equations, which are not given here, we can leave only the addends containing the second order correlation functions. In this case, instead of above we get, respectively:
We mentioned that if porosity represents itself a normal random field, then (5) is exact because all cumulant except one are zero. As we consider small porosity fluctuations, then in the right-hand side of (5)    we arrive at the following system of equations, which turns out to be closed and has the following form: . System (6)- (7) will be solved in the unbounded domain x     , starting from the following initial condition:
This leads us immediately to the following initial condition for
Indeed, we have
is determined and independent of   x    . In order to give the integrals on the right hand-side of (6) a concrete meaning, we now specialize the Gaussian process   x  by assigning a definite expression to its correlation function.
Basic Equation Evolution
Let us assume that the random field   
Conclusion
So, in this paper, we presented an example of how to use the notion of a functional derivative in order to arrive at a macroscopic equation for dispersion in disordered media. In fact, we also used the present method for equation, which had been derived for a different type of disordered medium, made of inter-twisted tubes, such that a onedimensional approach has physical meaning. Hence, the example can only serve formally for two reasons. Indeed, the sample paths of Gaussian processes can take negative values, which are not good when the existence of solutions is needed. The drawback can be removed by considering ε being replaced by the exponential of a Gaussian process. We will not do it, but the presented method works fairly well for this case and gives the results already obtained via Feynman diagrams in our work [1] .
